Abstract. In the present work, different graphene derivatives were prepared and characterized envisaging their use as susceptors for magnetic high-field induction heating at polymer interfaces. For optimization of this new kind of polymer bonding method, first graphene oxide (GO) with different degrees of oxidation were synthetized from graphite through a modified Hummers method. Then, the reduction of GO was achieved using dopamine hydrochloride to obtain polydopamine-coated graphene oxide (PDA-GO). Finally, these graphene derivatives were characterized by X-Ray Photoelectron Spectroscopy (XPS) and Raman Spectroscopy.
INTRODUCTION
Magnetic high-field induction heating is a promising technique to initiate chemical reactions at polymer interfaces and to replace traditional joining and welding technologies. [1] A successful bonding between a bisphenol-A based polycarbonate (PC) and a polyvinylamine (PVAm) using silver as susceptor was already reported in the literature. Susceptors for high magnetic field induction heating must possess high electrical conductivity. [2] Therefore, graphene and graphene derivatives appear to be suitable materials for this purpose.
Graphene consists of a two-dimensional monolayer of sp2-hybridized carbon atoms arranged in a hexagonal lattice with a carbon-carbon bond length of 0.142 nm. [3] Graphene's properties have been extensively studied since it was first isolated in 2004 by Geim and Novoselov. [4] It has great potential for reinforcement in composite materials [4, 5] due to its extremely high Young's modulus of 1 TPa, intrinsic strength of 130 GPa, [6] room temperature electron mobility of 250000 cm2·V-1·s-1, [4] and optical transmittance of 97.7%. [7] Other promising application areas for graphene include photonics, optoelectronics, energy generation and storage, sensors for gas detection, and biomedical area. [4] Graphene is a material with hydrophobic behavior and considerable chemical inertia. However, it is highly susceptible to physical adsorption through π-π interactions [8] and it can be chemically functionalized via non-covalent or covalent approaches, such as oxidation. [4, 9] Moreover, non-functionalized graphene sheets tend to restack through van der Waals interactions to re-form graphite. [10] The functionalization of graphene often enables its dispersion to form stable suspensions and the interaction between graphene and other materials. [10, 11] Graphene oxide (GO) is a graphene derivative that has been extensively employed as an alternative or as a precursor of graphene. [12] A considerable number of chemical models have been suggested to describe the GO structure, among which the Lerf and Klinowski model, Fig. 1 , is the most accepted one. This model states that hydroxyl and epoxy groups are present on both sides of the basal plane while carbonyl along with carboxyl acids are distributed at the sheet edges. [13] The reduction of GO appears to be a viable route to produce single-layer graphene [7] . GO can be prepared through various methods, such as those ones reported by Brodie, Staudenmeier, and Hummers, either following their original protocols or introducing some variations. [14] These three methods involve the oxidation of graphite using strong oxidizing acids followed by exfoliation achieved through sonication. [15] The reduction of GO is usually accomplished by chemical or thermal routes. In the chemical approach, strong reducing agents such as hydrazine and sodium borohydrate are used. However, this process results in the formation of graphene with a defected structure and a high amount of toxic waste. Second, thermal reduction is performed through heat treatment and leads to non-perfect graphene structures as well. Other reduction methods, particularly eco-friendly methods employing nature-based reagents, hydrothermal, and electrochemical approaches, have been explored in order to prepare graphene. [16, 17] Among these, dopamine hydrochloride has been successfully used to convert GO in reduced GO (RGO). [18] In view of the above observations, the present study aims to achieve a balance between the degree of oxidation of GO and the thickness of the polydopamine (PDA) layer in PDA-GO obtained during the reduction. By that the potential of such graphene derivatives for the use as susceptors for magnetic field induction can be evaluated afterwards.
EXPERIMENTAL SECTION

Materials
Natural graphite flakes (99%; -325 mesh) were purchased from Sigma Aldrich ® (Germany). The oxidation of graphite was performed using sulfuric acid (H2SO4; 98 %) and potassium permanganate (KMnO4; ≥99%), both from VRW ® (Germany). For the purification step, hydrogen peroxide (H2O2; 30% w/v) purchased from Merck (Germany), hydrochloric acid (HCl; 10% v/v) from VRW ® (Germany), and distilled water (DW) were used. Regarding the reduction of GO, tris(hydroxymethyl)aminomethane (Tris base; ≥99.8%), dopamine hydrochloride (DA), both from Sigma Aldrich ® (Germany), and DW were employed.
Synthesis of GO
GO powders were synthetized through a modified Hummers method. Briefly, 400 ml of H2SO4 were added to 5 g of graphite and stirred vigorously for 2 h at room temperature (RT). Then, the suspension was placed in an ice bath and 5 g or 15 g of KMnO4 was slowly added. Different GO powders were prepared, GO1 and GO3, using a mass ratio between KMnO4 and graphite of 1 and 3, respectively.
The ice bath was removed and the suspension was kept stirring for 24 h at RT. After the 24 h, the suspension was placed once again in an ice bath and 300 ml of DW were slowly added, followed by 30 ml of H2O2, drop-by-drop, and the mixture was left to stir for 30 min. Afterwards, the suspension was poured into 80 ml polypropylene tubes and centrifuged at 10000 rpm during 15 min. The supernatant was discarded and the precipitate was washed with DW for a total of 3 cycles. The resulting precipitate was collected, 250 ml of HCl were added and the mixture was left to stir during 15 min. Then, the mixture was centrifuged at 10000 rpm during 15 min and washed with DW for a total of 5 cycles. After the washing, DW was added to the precipitate and then vacuum filtered with a nylon filter membrane (0.45 μm pore size, Whatman UK). Finally, the powders were collected, dried at 100 °C for 48 h, and milled with a mortar and pestle. [14] 130006-2
Synthesis of PDA-GO
First, GO1 and GO3 were dispersed in TRIS base solution (0.1 M) through sonication in a sonication bath for 4 h. Then, DA was added to the suspension in a mass ratio DA to GO of 2, and the mixture was left stirring for 24 h at 60 °C. After that, the suspension was poured into 80 ml polypropylene tubes and centrifuged at 10000 rpm for 20 min, the supernatant was discarded and DW was added. This procedure was repeated until a clear supernatant was obtained. Finally, the suspension was filtered using nylon membranes (0.45 μm pore size, Whatman, UK). The powders were collected and dried at 60 °C, under vacuum, for 24 h. Two different PDA-GO samples were prepared, PDA-GO1 and PDA-GO3, using GO1 and GO3 as starting materials, respectively.
Characterization of GO and PDA-GO
XPS measurements were carried out in an Axis Ultra photoelectron spectrometer (Kratos Analytical, Manchester, UK) equipped with a monochromatic Al Kα (h ν = 1486.6 eV) X-ray source of 300 W at 15 kV. Raman spectroscopy was performed on a RAMAN Imaging System alpha300R (WITec, Germany) using a laser excitation wavelength of 532 nm.
RESULTS AND DISCUSSION
X-Ray Photoelectron Spectroscopy (XPS)
The results of the XPS measurements for both GO and PDA-GO materials are presented in Fig. 2 . In the spectra of GO1 and GO3, the peaks related to sp 2 -hybridyzed carbon atoms arranged in aromatic rings, Ph, and to sp 3 -hybridized carbon atoms from saturated hydrocarbons ( A CxHy), A, are present at 284.6 eV and 285.0 eV, respectively. Regarding GO1, the C1s spectrum is constituted by three more peaks (B, C, and D). The O-C-O bonds led to the appearance of the component B (BE 286.5 eV) while the C=O bonds are responsible for the component C (BE 287.5 eV). [19] The component D (BE 288.7) might be related to the C=O bonds on O-C=O groups. [19, 20] The C1s spectrum of GO3 is constituted by two more peaks (B and C), besides Ph and A. The O-C-O bonds are responsible for the component B (BE 286.7 eV) [21] while the O-C=O bonds are led to the appearance of the component C (BE 288.7 eV). [19, 20] Shake-up peaks, Sh, associated to the π conjugated system of graphene were also found in both GO1 and GO3 spectra (BE > 289 eV). GO1 and GO3 have O/C ratios of 0.173 and 0.268 which means that the degree of oxidation of GO3 is higher than GO1, as expected, considering the ratios between KMnO4 and graphite used during the synthesis of these materials.
Regarding the PDA-GO materials, the C1s spectra is constituted by five different peaks (Ph, A, B, C, and D). The peaks from the components Ph (BE 284.7 eV) are related to sp 2 -hybridyzed carbon atoms arranged in aromatic rings, with no bonding to heteroatoms. The sp 3 -hybridized carbon atoms from saturated hydrocarbons ( A CxHy) led to the appearance of the component A (BE = 285.0 eV). Moreover, the C C-O bond on phenolic C C-OH groups gave rise to the component C (BE = 286.4 eV). Also, the carbon-nitrogen bonds on amines and imines are responsible for the component B (BE 285.55 eV). However, considering the values of the binding energies, it was not possible to distinguish primary from secondary amines and amino groups from imino groups. Nonetheless, nitrogen atoms are usually present in polydopamine as secondary amines ( B C-NH-B C) and/or as imines (
. [22] [23] [24] The origin of the component D (BE 287. . Moreover, shake-up peaks, Sh, associated to the π conjugated system of graphene were found (BE > 288 eV). Overall, the thickness of PDA layer on GO material appears to be too high to investigate the reduction grade of covered GO.
Raman Spectroscopy
The Raman spectra, presented in Fig. 3 a) and b), show the three major bands characteristic of sp 2 carbon materials. The D band, near 1350 cm -1 , is related to the presence of structural defects in the hexagonal sp 2 carbon lattice of graphene and to edge effects. [25, 26] The G band, at approximately 1580 cm -1 , is related to the in-plane vibration of the sp 2 carbon atoms. [25] The band near 2700 cm -1 , the 2D band, originates on a second order Raman scattering process and its shape, width, and position is related to the number of layers for n-layer graphene. [26, 27] The Raman spectra in Fig. 3 a) show an intensity increase of the D to G band ratio, ID/IG, when pristine graphite was chemically converted into GO1 and GO3 from 0.16 to 0.57 and 0.86, respectively. This is a consequence of an increase of the content of structural defects caused by the oxidation process. After the oxidation, the 2D band almost disappears into GO3, contrary to GO1, which is indicative of a significant loss of the sp 2 hexagonal structure of the graphene sheets.
Regarding the PDA-GO1 and PDA-GO3 (Fig. 3 b) , an increase in ID/IG was observed after the deposition process with PDA, contrary to what is expected considering that PDA should have the ability to reduce GO. However, after analyzing the spectrum of PDA, Fig. 3 c, it can be concluded that PDA has bands in the same range like the D and G bands of graphene materials and so, the ID/IG values of both PDA-GO cannot reflect properly the disorders on the structure of these materials. No significant differences were found between the 2D bands of both materials in relation to their respective GO counterparts. 
CONCLUSIONS
In the present work, GO was synthetized with different degrees of oxidation and characterized by XPS and Raman spectroscopy. GO1 possesses a lower amount of structural defects than GO3 which can make this graphene derivative more suited for the purpose of this work, since graphene with a less defective structure usually has higher electrical conductivity and it can be reduced more easily. The polymerization of dopamine on the surface of GO was also investigated by XPS. However, the thickness of the polydopamine layer was thicker than the information depth of collected photoelectrons. No signal from covered GO was obtainable. Moreover, through the Raman spectra, it was not possible to evaluate the extent of GO reduction by DA due to the overlapping D and G bands of both graphene and PDA. In the future, different parameters of PDA deposition will be used in order to apply XPS for analyzing the reduction grade of GO beside electrical measurements. In the next step, the suitability of such modified GO structures for the function of susceptors will be evaluated.
